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In order to achieve high area density of HDD to 
10Tbit/in
2
, both radial and axial direction Repeatable 
Run-Out (RRO) and None repeatable Run-
Out(NRRO) of spindle motor in HDD should be 
significantly reduced. That means the high 
performance spindle motor is need. Currently, the 
spindle motor used in HDD uses a rotating shaft 
FDB which structure likes slender cantilever beam to 
support the rotor and the problem of this kind of 
structure is reported in [1]. This structure cannot 
meet HDD high TPI requirements and should be 
replaced by the fixed shaft FDB spindle motor and 
the analytical model is shown in Fig.1. Moreover, 
different types of Unbalance Magnetic Pull (UMP) 
of the Spindle motor and induced vibration should be 
fully studied.  In order to fully understand motor 
vibration behavior, a thorough theoretical derivation 
of motor dynamics should be carried out as they can 
disclose clearly the global performance of the motor. 
Generally, four types of UMP reported in [1]-[3] can 
generate the motor lateral and axis vibration and 
produce motor acoustic noise. Researchers have 
studied vibration and acoustic signals in recent 
years[1]-[6].  In this paper, the PMSM mathematic 
model has introduced and validated by 12 slots and 5 
pole-pairs PM surface mounting Synchronous motor 
M1 simulation case study. This type of Permanent 
Magnetic Synchronous motor (PMSM) is using in 
many applications, e.g.  
 
Approach  
1. Analytical model 
The proposed fixed shaft spindle motor used in HDD can be 




Fig.1 Analytical Model of M1 
Based on Fig.1, the following dynamical governing 
equation can be built,   
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Let the force vector and damping coefficient in (1) 
become to zero, the motor first four mode in radial 
direction and first mode in axial direction can be 
obtained and can be expressed as, 
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    .  (2) 
Where x y     when  the rotor structure of 
M1 is assumed as isotropic. The stiffness and 
damping coefficient of FDB can be obtained by 
using the method proposed by I.Y.Shen et al.[7], the 
stiffness and damping coefficient of M1 is obtained 
by experimental and the results are shown in Table I. 
Table I Stiffness and damping coefficient of bearing 
 k c  
Axial 1.668 x 108 N/m 32.6 Ns/m 
Radial 1.628 x 109 N/m 195.8 Ns/m 
Pitch 5.964 x 104  Nm/rad 0.197 Nms/rad 
Because the dimension and material of M1 are also 
known, the analytical modal results can be obtained 
and are shown in Table II. 
          
 
2. Simulation Model 
2.1 Modal analysis 
Vibration simulation model is built by ANSYS
®
 and 
meshing is shown in Fig.2. The first mode of M1 in 
axial and radial direction is obtained by using 
governing equation (3) and the result is shown in 
Fig.3. 
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Fig.2 Simulation Model of M1 
 
 
Fig.3 Modal analyses results of M1 
2.2 Transient analysis 
In order to simulate the vibration  response of the PM motor 
M1 due to different types of UMP, the transient analysis should 
be used. The reason is that different types of UMP reported 
in[1]-[3] are multi frequencies excitation force, the harmonic 
analysis cannot be used. The static UMP and dynamic UMP of 
M1 are calculated by ANSOFT® and the results are shown in 
Fig.4and Fig.5 respectively. 
 




Fig.5 Dynamical Unbalance Pull(DUMP) of M1 
After Static UMP and Dynamical UMP are obtained 
by ANSOFT
®
 , these two types of UMP can be used 
as the excitation force in analytical model and 
ANSYS
®
 simulation model respectively but the high 
frequencies component of the UMP should be filter 
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shown in ANSYS
®
. The original static UMP  signal 
and the treated signal in X and Y direction are shown 
in Fig.6, Fig.7 respectively. the static UMP ripples 
are removed and the curve becomes smooth  because 
the high frequencies of the original static UMP 
signal are trimmed off by applying low-pass filter. 
Fig.6 also shows the static UMP has the DC offset 
components and the 500HZ components in the 
eccentricity direction, there are also has 500HZ 
components in the orthogonal of the eccentricity 
direction. This phenomenon is analyzed and 
deducted in [1]. The original Dynamic UMP signal 
and the treated signal in X and Y direction are shown 
in Fig.8, Fig.9 respectively. There are no any DC 
offset in Fig.8, Fig.9. On the other hand, there is one 
revolution frequency component 50Hz in Dynamic 
UMP besides there are also have P times of 
frequency component 500Hz. There is 90 degree 
phase difference in X, Y direction Dynamic UMP. 
Moreover, the amplitude of this type of UMP in X 
and Y direction is same.  This phenomenon is 
analyzed and deducted in [3]. The transient 
analytical and simulation results of M1 in time 
domain are shown in Fig.10, Fig.11 respectively 
when M1 has static UMP faults.  
 
 
Fig.6 Static UMP in X of M1 
 
Fig.7 Static UMP in Y of M1 
 
Fig.8 Dynamic UMP in X of M1 
 
Fig.9 Dynamic UMP in Y of M1 
 
Fig.10 Transient analytical results of M1 with SUMP 
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Fig.12 Transient analytical results of M1 with DUMP 
 
Fig.13 Transient simulation results of M1 with DUMP 
 
 
The transient analytical and simulation results of M1 
in time domain are shown in Fig.10, Fig.11 
respectively when M1 has static UMP faults. On the 
other hand, the transient analytical and simulation 
results of M1 in time domain are shown in Fig.12, 
Fig.13 respectively when M1 has static UMP faults.  
 
 
Results and discussion 
1. Modal analysis results and discussions 
The modal analysis results obtained by analytical 
model and simulation model are shown in Table II. 
The difference of first mode frequencies in axial and 
lateral direction of analytical mode and simulation 
model is about 3%, which means the analytical mode 
is accurate and can be used as fast prediction of M1 
natural frequency.   
Table II Modal analysis results in two model 













65.058Hz 15504Hz 245.9Hz 331Hz 
difference 3.497% 2.68% 3.24% 7.7% 
 
 The first backward whirl and forward whirl 
frequency calculated based on 3000 RPM rotating 
speed, the  first backward whirl frequency also can 
be accurately predicted in analytical mode, but the 
difference of the first forward whirl frequency is 
about 7.7%.   
 The next step is to validate the vibration analytical 
results due to different types of UMP by using 





2. Transient analysis results and discussions 
 
Table III Transient analysis results in two model 
 Vibration response 
with static UMP 








difference 9.375% 6.25% 
 
When M1 has the static eccentricity fault, the smooth static 
UMP in Fig.6, Fig.7 are added in the rotor and stator 
action point in the simulation model, the same 
amplitude and frequency force also are add in 
analytical as the input signals, the analytical results 
and simulation results are shown in Table III and the 
difference between them is less than 10%. The 
analytical model can be used to fast predict the M1 
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